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ABSTRACT

r;;; sample lot of 100 Type 6080WB electron tubes, fabricated as the
- end-product of this program, was subjeeted to heater-eycling, shock, fatigue,
2000-hour life, stability and survival, and electrical acceptance tests.
After testing, tubes were examined physically and metallographically to de-
termine cause of failure. Of the 35 failures, 7 rejects were attributable
to weld defects.] Failures due to inadequacies in this first effort with
ultrasonic welding tooling can be minimized or eliminated through further
optimization of the special tooling beyond that provided for under the scope
of this program. |These results demonstrate the potential capability of the
ultrasonic welding process in electron-tube manufactuzgij
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I. INTRODUCTION

The application of ultrasonic welding to the construction of electron
tube mounts has been demonstrated with success. This accomplishment, in an
area where ultrasonic welding equipment and techniques had never been pre-
viously applied, must be regarded as a pioneering effort. As could be ex-
pected, the tooling and the level of precision in assembly of tubs com-
ponents could not rival the standard manufacturing technology, which has
been developad over a period of thirty or more years. Indeed, shortcomings
in the performance of several completed tubes have been traced directly to
straightforward errors in assembly, such as positioning. The causes of the
defects found in a sample lot of 100 electron tubes during qualification
tests have bsen sought by electrical measurements and by physical and metal-
lurgical examination, to obtain information which would lead to improved
assembly procedures for production manufacturing in the future.

A. Flectron Tube Type 6080WB

The electron tube type selected by the U. S. Army Electronics Command
for ultrasonic welding study was the 6080WB twin triode, which has a record
of rejects and failures due to metallic spatter caused by conventional weld-
ing techniques and defective welded joints. In addition, the diversity of
materials and Jjoint geometrles presented in this tube would be useful in
considering conditions for ultrasonic welding of other electron tubes.

The investigations carried out to design and comstruct tooling and to
establish techniques for accomplishing the required joints have been des-
eribed in the quarterly progress reports and aré not reviewed here. How=-
ever, it i1s emphasized that no significant redesign of the 6080WB comstruc-
tion was undertaken and that cempoments normally used in standard manufac-
ture were used throughout the program. It became evident as the work pro-
ceeded that a change in the design of several components would simplify or
eliminate various complex tooling problems which arose; however, sush rede- -
sign was not contemplated within the scope of the program. Two modifications,
however, were mada during initial investigations: (1) elimination of the
grid radiater and (2) a change in the geometry of the getter-to-snubber sup-
port jolnt. Consistent weld strength was not attalned in joints made to the
carbonized nickel grid radiator, and the radiator and intermediate ceramic
spacer were eliminated from the tube sinse operation would not be affected
thereby. The eross-wire weld geometry of the getter frame and snubber sup-
port rod resulted in intermittent damage to the components, By changing
this joint to a parallel-wire geometry, strong consistent welds were ob-
tained with no adverse effests on tube performance.
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With these exceptions, all geometries evolved over the years for
resistance-welding assembly of the 6080WB tube were employed in the ultra-
sonic welding fabrication. Since hardness of the metallic components is
not closely controlled by vendors of such items and since ultrasonic weld-
ing is somewhat more sensitive to material hardness (temper) than resistance
welding, several of the standard components required hydrogen annealing to

-insure uniformity and consistency of material properties.

B. Fabrication

Pilot production of the 6080WB electron tube mounts was performed with
a "SONOWELD" Model W-600-TSR ultrasonic welder equipped with special weld-
ing tips and fixtures. The work was carried out by Tung-Sol Electric
Incorporated at Bloomfield, New Jersey, with Aeroprojects personnel assist-
ing. The assembly sequence, delineating the tip and anvil tooling required,
is shown in Appendix A, Table A-I. The photographs in Appendix A illustrate
the progressive construction of the tube mount and the welding tooling em-
ployed. (The numbers in the photographs refer to the assembly sequence num-
bers in Table A-I.) '
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: II. TEST RESULTS AND METALLURGICAL EXAMINATION

The sample lot of 100 tubes was tested in acecordance with the schedule
presented in the Fourteenth Quarterly Progress Report (Table II, p. 5). All
tests were performed in accordance with the applicable paragraphs of TSS
MIL-E-1/1121 (9/9/60) and witnessed by Mr. S. Zucker, USAECOM, Production
and Procurement Directorate, Fort Monmouth, New Jersey, or the USAECOM
resident inspector at the Tung-Sol Bloomfleld facility. Test results are
summarized in Teble I. Complete test data are presented in Appendix B.

. Tubes which had been subjected to heater-ecycling tests, shock tests,
fatigne tests, and 2000-hour life tests were examined physically and metal-
lographically to determine the reasons for failure. (There are no end-
point requirements for the 2000-hour life test, only for 1000-hours under
MIL-E-1/1121,) At least half the total number of satisfactory tubes from
each test series were examined, together with at least half of those which
failed the test requirements.

A. Heater-Cycling Test

A1l twenty 6080WB electron tubes subjected to heater cycling sucessfully
met the end-point requirements. Physical examination of the heater-lead con-
nection and heater connector/stem lead welds diselosed no indication of
. damage in these areas. A source of potential difficulty, which was realized
in the shock and fatigue test groups (see Sections B and C), is the insuf-
ficient length of the stem leads (pins 7 and 8) which are welded to the
heater connectors. It was documented in the quarterly progress reports
that the lead wires of the glass stems required manumal crimping, trimming,
and bending into proper orientation to matech the various connectors of the
cage assembly. Although this is normally a precision machine operation, in
the present case the required crimp in the stem lead made it impossible to
use Tung-Sol's in-plant stem-lead-forming machine without modification of
the bending and trimming dies. Forming and trimming the leads by hand intro-
duced alignment errors in the stem-cage assembly. In the case of the heater
leads, they had all been cut too short and a full area weld between the lead
and the connector was not possible. Because the preparation of additional
glass stems with erimped and correctly trimmed leads would have delayed
schedules established for completion of the tube fabrication, the short leads
were used. PFigure 1 shows the geometry of the heater connector/stem lead
weld. Only the bottom corner of the connector could be welded to the lead
without undue distortion of the heater connectors.

A photomicrograph of the heater comnector/stem lead joint is shown in
d Figure 2. The Bection was taken longitudinally (parallel to the stem lead
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Table I

SUMMARY OF TEST RESULTS FOR
SAMPLE LOT OF 6080WB ELECTRON TUBES

Test Tested Rejects Reasons for Rejections
Heater Cycling 20 0
Shock 15 8 2 - broken welds (heater connector/stem lead)
© - high Ep (plate voltage) values
2 - eracks in glass stem
Fatigue 20 19 5 - broken welds
2 - heater connector/stem lead
1 - top cathode connector/cathode sleeve
1 - smubbsr support rod/bottom cathode
eonnsctor
1l - several; cage displaced
1 - high Ep before test; satisfactory after
test
6 - high Ep before test
L - high Ep after test
2 - craeks in glass envelope
L4 - short eirecuit (grid laterdl/cathode)
2 - high transconductance in Seetion 2
Life - 2000 hr# 20 7 2 - pins not soldered; falled before 1000 hrs
1 - short cireuit (grid lateral/eathode)
2 - heater/cathode leakage
3 - high grid current
Stebility and 15 0
Survival Rate
Electrical 10 1 1 -~ high Ep in y position
(Acceptance
Inspection)

# There are no end-point requirements specified for a 2000-hour test, only for a
1000-hour test. Only two tubes failed to meet these requirements at 1000 hours
(end these two had unsoldered base pins).
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Figure 1

GECMETRY COF WELD BETWEEN HEATER CONNECTOR AND STEM LEAD

Tube 142
Magnification: 3X

<1Heater wire sleeve

<Weld

<4Heater connector

Figure 2

PHOTMICROGRAPH OF STEM LEAD (NICKEL) WELDED
TO HEATER CONNECTOR (NICKEL-PLATED STEEL)

Tube 89

Megnification: 100X
Etch: KCN + (NH)),S,0g
Longitudinal Section
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exis) and shows excellent bonding. A photomicrograph (Figure 3) of the weld
between the heater wire sleeve (nickel) and the heater connector (nickel-
plated steel) shows good bond quality between the sleeve and the connector.
The sleeve is normally pressed to the ends of the heater wires in the heater
subassembly operation, and a mechanical bond (erimp) is established between
the heater wire and sleeve. The photomicrograph indicates that welding of
the inner sleeve surfaces has been sccomplished. A photomicrograph of the
heater wire/sleeve/connector area (Figure L) shows proper spacing of the
leads and projection of the ceramlic insulator beyond the edge of the cathode
sleeve.

B. Shock Test

Eight failures out of fifteen tubes shock-tested were reported by Tung-
Sol. Two samples were rejected becsuse of defective welds (tubes 11l and
118 open filament), two tubes developed cracks in the glass stem (tubes 11l
end 119), and the remaining five reject tubes failed to meet the required
end-point values during vibration testing.

Tubes 11l and 118 both had open filament-connector joints. Figure 5
shows the broken heater connector weld of tube 118. As pointed out in dis-
cussion of the heater eycling tests, the length of the stem leads was not
sufficient to permit full contact with the connector. The right-hand con-
nector in Figure 5 indicates the smell area of contact; the left-hand con-
nector shows the open joint. FExamination of the broken weld indicated thin-
ning of the connector tab in the joint area (an unsatisfactory joint-con-
dition), resulting from imprecise alignment of the mating parts. The right-
hand connector joint, although not broken, suffers from the same misalign-
ment difficulties and does not represent a satisfactory geometry.

Tube 118 contained a grid-cathode short in section 2 of the triede,
in addition to the open filament-connector joint. Figure 6 shows the bottom
grid lateral (left side of photograph) in contact with the cathode sleeve.
Evidence of rubbing contact is indicated by transfer of gold (from the grid
lateral) to the surface of the niskel cathode.

The cracks in the glass base of tube 1lll are shown in Figure 7. These
cracks appear to have originated during the stem lead crimping operation and
propagated during the shock test. Although the stem leads were examined
after erimping and prior te assembly, the incipient eracks, if present, were
undetected. The cracked stem of tube 119 (Figure 8) appears to be a normal
shrinkage failure and does not show the shattered glass pillows surrounding
the leads as for tube 1lh.

Comparison of the five tubes having high plate-voltage (Ep) values with
tubes that successfully passed the shock test requirements indicated no sig-
nifiecant difference in the physical arrangement of the anode-grid-cathode
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Connector

Figure 3

PHOTCOMICROGRAPH (F HEATER WIRE (TUNGSTEN) IN SLEEVE (NICKEL)
WELDED TO HEATER CONNECTOR (NICKEL-PLATED STEEL)

Tube 89

Magnification: 100X
Etch: 2 percent Natal
Transverse Section

eramic insulator

athode sleeve

Figure L

AREA OF HEATER WIRES IN SLEEVES WELDED TO HEATER CONNECTORS

Tube 89
Magnification: 3X
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Figure S5

BROKEN WELD BETWEEN HEATER CONNECTOR AND STEM LEAD

Left-hand weld broken
Tube 118
Magnification: 3X

Figure 6

SHORT CIRCUIT BETWEEN BOTTOM GRID LATERAL AND CATHODE SLEEVE

Tube 118
Magnification: 5X

INCORPORATED



AEROPROJECTS INCORPORATED

Figure 7

CRACKED STEM BASE AND SHATTERED GLASS PILLOWS

Tube 11}
Magnification: 3X

Figure 8

CRACKED STEM BASE

Tube 119
Magnification: 3X
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sections. Sinee the Ep values are measured during vibration (dynamie) test-
ing, the rgsults indicate a condition which cannot be detected by static
physicel examination.

The most likely ceuse of the high plate voltage was the lack of re-
straint of the grid in the modified tube design. In the original design,
grid radiators are welded to the top of the grid side rods, effectively
locking the grid assembly between the ceramic spacers (the grid 1s secured
to the bottom ceramiec spacer by grid eyelets). When the grid radlators
were deleted from the tube for ultrasenic welding, no provision was made to
secure the grid rods at the top. Consequently the grid assembly was free
to move, sinee the only restraint was imposed by the bottom eyelets and the
grid connectors attached to the stem leads. Substitution of grid eyelets
for the grid radiator on the top ceramic spaser would have prevented the
grid from "floating." However, sinse thls situation was not rescognized
during tube fabrication and testing conducted at Tung-Sol, there was no op-
portunity to initiate remedial action.

Other tube defects also might have been prevented by securing the grid
in place. The short circult of tube 118 (Figure 6) after shock test probably
resulted from displacement of the grid. The shift in position of the grid
can be observed in the spacing between the grid eyelet and bottom ceramic
spacer (Figure 5).

C. Fetigue Test

Of the twenty tubes apportioned for the 96-hour fatigue test, only one
successfully met the end-point requirements. Seven tubes had high Ep values
in the pre-fatigue vibration test. One of these was within limits after the
fatigue test; this was the tube that suecessfully met end-point requirements.
Four of these meven also developed short clircuits. Foeur additional tubes
indicated high Ep values after the fatigue test. Two of the remaining tubes
indicated high transconductance in Sectlon 2, two contained cracks in the
glass envelope, &nd five contained breken welds.

The cause of the seven pre-fatigue test high Ep values could not be
determined by physical examination, but can probably be aseribed to the
floating grid assembly described above under Shock Test. The four addi-
tional fallures after testing may also be dve to the floating grid.

The grid-eathode shorts indicated in tubes 143, 1Lk, 149, and 154 were
observed by examination of tubes. In the case of tube 154 (Figure 9), the
hot sathode melted the grid lateral in the area of contact. The eracked
bulb of tube 148 (Figure 10) most likely was caused by residual stress or
inecipient eracking during the bulbing operation.

10
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Figure 9

SHORT CIRCUIT BETWEEN GRID LATERAL AND CATHODE

Tube 15
Magnification: 65X

Figure 10

CRACK IN BULB BASE

Tube 148
Scale: 1/2X

11
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Broken welds are illustrated in Figures 11-1l. The two defectlve
heater connector/stem lead welds (Figures 11 and 12) are attributable to
the short stem lead misalignment condltions already described. The open

) top cathode connector tab shown in Figure 13 represents the only defective
weld in this area within the entire group of tubes tested. The open cathode
in Section 1 (Figure 1lL) was caused by a fracture at the edge of the weld
between the smubber support rod and bottom cathode connector (stem lead).
The break was caused by excessive thinning of the cathode connector result-
ing from welding deformation.

A more drastic example of weld failure 1s shown in Figure 15. Tube 151
contains fractures in the heater connectors and a bottom cathode connector
as well as bending and twisting distortion of the remaining stem lead con-
nectors. Comparison with a typlcal tube indicates that the entire cage
assembly of tube 151 had been pulled away from the stem leads. It is doubt-
ful that the fatigne test was responsible for the gross displacement of the
cage within the bulb, and the cause of this defect can presumably be ascribed
to loosening of the cage assembly by connector breaskage during testing and
subsequent damage during handling and/or shipping (the tubes were returned
by commercial carrier to Aeroprojects from Tung-Sol for these analyses).

D. 2000~-Hour Life Test

Twenty tubes were subjected to the 2000-~hour life test. After the 1000-
hour point, two tubes failed to meet standard (MIL-E-1/1121) 1000-hour end-
point requirements. One tube (101) had failed at 280 hours; the other (10L)
met requirements at 760 hours but falled at 1020 hours. After 2000 hours,
flve more tubes failed to meet the 1000-hour requirements. All five had
developed defects between 1500 and 2000 hours. Inspection of the welded
Jointe in these seven tubes and in the remaining thirteen indicated that all
ultrasonic welds survived the 2000-hour operation with no apparent adverse
effeets.

Both tubes that developed defects below 1000 hours indicated an open
heater e¢ircuit. Examination showed that all welds associated with the
heaters were satisfactory (Figure 16), but that the base pins on both tubes
had not been soldered (Figures 17-18). The open heater cirecuits are very
probably a result of this omlssion, and cannot be ascribed to defects asso-
clated with construction of tube mounts.

Of the five tubes that developed defects between 1500 and 2000 hours,
one tube (100) developed a short circult between the grid lateral and the
cathode sleeve (Figure 19). Contact between the grid and cathode may have
resulted either from mechanical damage or from elevated temperature distor-
tlon. A similar defect was observed in five tubes subjected to shoeck or
fatigue testing (Figures 6 and 10).

12
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Figure 11

BROKEN WELD BETWEEN HEATER CCNNECTOR AND STEM LEAD

Left-hand weld broken
Tube 153
Magnification: ©5X

Figure 12

BROKEN WELD BETWEEN HEATER CONNECTOR AND STEM LEAD

Tube 137
Magnification: 5X

13
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Figure 13

BROKEN WELD BETWEEN TOP CATHODE CONNECTOR AND CATHODE SLEEVE

Only one of the dual connector straps broken
Tube 139
Magnification: 5X

Figure 1L

BRCOKEN CONNECTOR BETWEEN SNUBBER SUPPORT R(D
AND BOTTM CATHCODE CONNECTOR

Tube 155
Magnification: 5X

1L
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Displaced Cage Cage in Normal
Tube 151 Position
Tube 135
Figure 15

COMPARISON OF CAGE POSITION IN DAMAGED AND NORMAL TUBE

Note broken stem lead welds in damaged tube.
Scale: 1/2X

Figure 16

SATISFACTORY HEATER WIRE WELDS

Tube 101
Magnification: 5X

15
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Figure 17

OCTAL BASE PINS, NOT SCLDERED

Arrows indicate heater pins
Tube 101
Magnification: 3X

Figure 18

OCTAL BASE PINS, NOT SOLDERED

Arrows indicate heater pins
Tube 104
Magnification: 3X

16



I AR

AEROPROJECTS INCORPORATED

Figure 19

SHORT CIRCUIT BETWEEN GRID LATERAL AND CATHODE

Tube 100
Magnification: 3X

17
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Tubes 78 and 91 developed high grid current, tube 79 developed heater-
cathode leakage, and tube 88 developed both. Both these conditions reflect
minute changes in the relative positions of the components and/or degrada-

. tion of the materials (e.g., heater insulator) during operation. Observa-
tion of the causes is virtually impossible, because the tube mount cannot
be disassembled for inspection without damaging or distorting the components.

Since the acceptance specification test is for 1000 hours, data on the
perf ormance of normal production tubes for a 2000-hour life test are not
available. Hence no definite conclusions can be drawn regarding compara-
tive tube performance at the 2000-hour operation level. However, since no
significant changes were made in either tube geometry or materials, no dif-
ferences are anticipated in the electrical characteristiecs of production
tubes made by ultrasonic welding and resistance welding, unless ultrasoniec
welding results in degradation of the welded junctions and/or elevated tem-
perature crsep or distortion of metal components. It is significant that
2ll 18 tubes tested (riot counting the two with unsocldered base pins) met
the end-point test requirement for the 1000-hour life test after 1500 hours.
Over 70 percent (13) of the test group (18) were operative within specifi-
cation values after 2000 hours.

E. Other Tests

Stability and survival rate tests and acceptance inspection tests were
carried out on the remainder of 6080WB tubes (see Appendix B). Of these
25 tubes, only one (156, high Ep in y-position) failed to meet end-point
requirements. No physical or metallurgical examination was carried out on
these tubes.

18
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ITI. CONCLUSIONS

The fabrication, testing, examination and analysis of the ultrasonically
welded 6080WB (modified) electron tubes has clearly indicated the feasibility
and potentlial capability of the ultrasonic welding process in electron tube
manufacture, and a limited production capability for the 6080WB tube using
this technique was established.

During the course of the tube fabrication, several problem areas were
revealed wherein further work effort and experience will be of value:

1. Although all the metallic components were successfully joined by
ultrasonic welding, the ceremiec (AlSiMag) spacers normally used in
production tubes were subject to fraeture during the snubber-to-
snubber rod welding. An alternative spacer material may alleviate
this condition and allow the snubber welds to be made ultrasonically
(as th§y were before the Fotocerem spacer was replaced with the AlSiMag
spacer).

2, The configuration of the stem leads should be modified to permit
better alignment with the various eonnecting tabs.

3. The grid freme should be secured to the top spacer by grid eyelets.

. Second generation fixturing will insure very substantially improved
aligmment between components during welding.

5. Welder design and tooling should be re-examined in light of the ex-
perience gained in this work and of the advances made in equipment and
techniques during this program. In this connection, a welding machine
incerporating an axial-drive transducer-coupling system (as opposed to
the wedgs-reed system employed in the standard 600-watt welder used in
this program) will simplify teoling requirements substantially without
compromising accessiblllty or welding performance.

6. Proficiency in welder operation and tube assembly must be developed by
opsrating personnel.

The results of this work indisate that a major proportion of the
fallures could have been averted by better control and skill in the assem-
bly operation., Of the 35 defective tubes, including 5 that falled to meet
1000-hour end-point requirements efter 2000 hours, only 7 rejects were di-
rectly attributable to weld defects or weld failure. It is possible that
some of the remaining failures may have originated indirectly from this
welding operation, such as residual stresses or microscopic distortion of
components which finally led to short circuits or out-of-limit electrical

19
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conditions, but the floating grid seems a more likely origin for such defects.
Sixteen of the 35 defective tubes (approximately Li6 percent) indicated high
Ep values. Detaction and elimination of the canse for these defects would
logically be pursued during additional tube fabrication and test. Since com-
plete test data are avallable for only selected lots of the initial 100
tubes, the exact cause of these fallures cannot be determined.

The following is concluded:

1. The feasibility of ultrasonically welding electron tube components to
produce acceptable assemblies has been demonstrated with a slightly
modified 6080 WB twin triode.

2. One hundred 6080WB tubes were assembled with generally standard com-
ponents used in current manufacturing procedures and subjected to
acceptance and qualification tests according to MIL-E-1/1121A. Only
7 failures resulting from welding defects ware encountered in the
test group.

3. Failure of 16 tubes to meet the required Ep end points specified in
MIL-E-1/1121A was due to causes which were not directly disclesed by
this investigation, but which appear to be associated with failure teo
secure the grid assembly.

L. All the ultrasonically welded connections in the 6080WB were accomplished
with a standard 600-watt ultrasonic welder. Special welding tips and
tools wers designed, fabricated, and adapted to the standard welder to
accomplish welds in the various joint geometries of the 6080WB tube ele-
ments without significant modification of the tube design.

20
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APPENDIX A

ASSEMBLY SEQUENCE FOR ULTRASONICALLY
WELDED 6080WB ELECTRON TUBES
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Table A-I

SUMMARY OF ASSEMBLY SEQUENCE

INCORPORATED

Sequence No. Tip Anvil Operation
1A T-1 A-1 Weld cathode tabs to cathode sleeves (2 required)
Subassembly - - Assemble two sleeves into top spgeer
1B T-1 A-1 Weld looped cathode tab to slesve
1C T-1 A-1 Repeat above on second sleeve
Subassembly - - Assemble tube cage
2 T-2 A-2 Crimp anode eyelets to anode support rods
3A T-2 A-2 Weld anode connectors (17876) to anode support rods
(17877) PP
3B T-2 A-2 Weld anode eyelets to anode support rods
ha T-3 A-2  Weld grid eyelets (2) to grid supports
LB T-3 A-2 Weld outside grid connectors (17882) to grid supports
Subassembly - - Assemble right-hand heater connector
Le T-3 A-2 Weld inside grid connectors (17883) te grid supports
Subassembly - - Assemble heaters in cathode slesve
Insert heater wire sleeves (8)
SA T-1 A-1 Weld alternate heater sleeves to right-hand heater
connector
Subassembly - - Insert left-hand heater connector
°B T-1 A-1 Weld alternate heater sleeves to left-hand heater
connector
64 -4 A-Y4 A Weld grid connectors to pins 1 and L
6B T-L A- ~§ Weld anode connectors to pins 2 and 5
o
6C T-4 A- s§ Weld eathode connectors to pins 3 and 6 and heater

connectors to pins 7 and 8
(Continued)
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AEROPROJECTS INCORPORATED

Teble A-I (Concluded)

Sequence No. Tip Anvil Operation

TA T=L4 A-L] ~ Weld cathode connector to snubber support rod

7B T-L A § Weld cathode connector to snubber support rod

8A T-i A-l] « Weld top cathode connector to snubber support rod

8B T4 A-h ‘§ Weld top cathode connector to snubber support rod

9A T-1 A-2 Weld cathode tab to cathode connector (anvil insert
inverted)

9B T-1 A-2 Weld cathode tab to cathode connector (anvil insert
inverted)

10 T-6 A-6 Weld getter to snubber support rod

11A% T-5 A-S Weld snubber to snubber support rods

11B= T-5 A-S Weld snubber to snubber support rods

p—

# Final tube assemblies utiliged resistance welding because of propensity of
ceramic spacers to cracking.
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AEROPROJECTS INCORPORATED

TLLUSTRATED ASSEMBLY SEQUENCE

Assembly Sequence 1A

Welding cathode tab to cathode sleeve

Assembly Sequence 1B

Welding cathode tab looped through AlSiMag
spacer to cathode sleeve

Assembly Sequence 1C

Repeat of 1A and 1B on twin cathode sleeve

Assembly Sequence 3A

Welding anode connectors to anode support
rod

A-3



AEROPROJECTS INCORPORATED

Assembly Sequence 3B

Welding anode eyelets to anode support
rods

Assembly Sequence LA

Welding grid eyelets to grid support

Assembly Sequence LB

Welding outside grid comnector to grid
support

Assembly Sequence lC

Welding inside grid connector to grid
support

A-l



AEROPROJECTS INCORPORATED

Assembly Sequence SA

Welding heater wire sleeves to right-hand
heater connector

Assembly Sequence 5B

Welding heater sleeves to left-hand heater
connector

Assembly Sequence 6A

Welding grid connectors to stem leads
(pins 1 and L)

Assembly Sequence 6B

Welding anode connectors to stem leads
(pins 2 and 5)




AEROPROJECTS INCORPORATED

Assembly Sequence 6C

Welding cathode connectors to pins 3 and 6
Welding heater connectors to pins 7 and 8

Assembly Sequence TA

Welding cathode connector to snubber sup-
port rod (Section 2)

Assembly Sequence 7B

Welding cathode connector to snubber sup-
port rod (Section 1)

Assembly Sequence 8A

Welding top cathode connector to snubber
support rod (Section 2)
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AEROPROJECTS INCORPORATED

Assembly Sequence 8B

Welding top cathode connector to snubber
support rod (Section 1)

Assembly Sequence SA

Welding cathode tab to cathode connector
(Section 1)

Assembly Sequence 9B

Welding cathode tab to cathode connector
(Section 2)

Assembly Sequence 10

Welding getter to snubber support rod

A-7



AEROPROJECTS INCORPORATED

Assembly Sequence 11A#

Welding snubbers to snubber support rods
(position 1)

Assembly Sequence 11B#

Welding snubbers to snubber support rods
(position 2)

# The AlSiMag spacers were prone to cracking and fracture during this welding
operation. Tubes fabricated for test employed resistance welds between the
snubbers and snubber support rods.
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TEST DATA FOR ULTRASONICALLY WELDED ELECTRON TUBES

INCORPORATED



Preproduction Test for Tube Type 6080WB

Using Ultrasonic Welding Techniques

The Ultrasonic Welding Equipment Was Developed by

Aeroprojects Inc., West Chester, Penn.

Tung-Sol Electric Inc. is the Sub-Contractor

for Aeroprojects Inc.

Date of Test: Started 3-9-66

Completed 5-22-66

Witnessed By:

Mr. John Thomas, Aeroprojects Inc.

Ay P
7 -

Mr. Ralph George, Mgr. Applications Dept., Tung=-Sol Electric Inc.

Performed at Tung-Sol Electric Inc. in

Bloomfield, N, J. and Livingston, N, J.



NAME OF APPLICANT:
TESTING FACILITY:

LIST OF TEST FACILITIES

TUNG-SOL ELECTRIC INC.
Tung-Sol Electric Inc.

DATE:

20 January 1966

SPEC. NO: MIL-E-1E

ADDRESS: 200 Bloomfield Ave., Bloomfield, N. J. AMEND: 2 SUPPLEMENT:
toec TYPE SERIAL DESCRIPTION AND USE EQPT LIMITS DATE AND
. EQPT. MFR. OR clude Dimensions, M ing Devi Include Multiple | ACCURACY FRE
PARA. Mc?gEL lNVENNJORY Gacla aend a::::;?:sns a;:sllil::i‘lzo) erices ( cRu:nges)m’ * CALIESB{;ON
N/A Bridge Tung-Sol 39-0-0 5;E2648- | Measurement of tube character- N/A N/A N/A
Console A-364 istics, including dynamic
Parameters by the use of a Gen
Radio Model 1661A vacuum tube -y
bridge
4.10.9 Vacuum tubé General 1661A All5 Measurement of transconductance .02 to 50,000 +2% Jan. 10, 1966
Bridge Radio at Ike pmhos Quarterly
4.10.10 | Vacuum Tubg¢ General 1661A All5 Measurement of plate resistance 5002 to 20 +2% Jan. 10, 1966
Bridge Radio at Ikec meg. Quarterly
4.10.11.1 Vacuum Tub? General 1661A AllS Measurement of amplification .001 to +2% Jan. 10, 1966
Bridge Radio factor at Tkc 10,000 Quarterly
4.10.4 DC Voltmetgr Greibach 540 2600 Measurement of various 0-1.5/3/7.5/ +1/2% | Jan. 10, 1966
electrode potentials 15/30/75/150/ Quarterly
300/750vV DC
4.10.4.1] DC Milli- | Greibach 540 2596 Measurement of plate current 0-1.5/3/7.5/ +1/2% | Jan. 10, 1966
ammeter 15/30/75/150f Quarterly
300 Ma DC
4.10.4.3 DC Milli- | Greibach 540 2597 Measurement of screen current | 0-1.5/3/7.5/ +1/2% | Jan. 10, 1966
ammeter 15/30/75/150( Quarterly
300 Ma DC

izks
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NAME OF APPLICANT:
TESTING FACILITY:

LIST OF TEST FACILITIES

TUNG-SOL ELECTRIC INC,
Tung-Sol Electric Inc.

DATE: 20 January

1966

SPEC. NO: MIL-E-1E

180"

ADDRESS: 200 Bloomfield Ave., Bloomfield, N. J. AMEND: 2 SUPPLEMENT:
T EC. SERIAL DESCRIPTION AND USE EQPT LIMITS D {
P AR EQPT. MFR. TIPE OR (nclude Dimeasions, Measuring Devices | (Include Multiple | ACCURACY |  FREQOE
MODEL |NViNQT°RY and Controls as applicable) Ranges) CALIBRATION
1031 Variable Calidyne A-88 85 Sinusoidal Shaker with 100 1lbs.|Output = 100 | +5% Jan. 5, 1966
Frequency force rating, with sweep freq. |lbs. - force |(Acceleratfon
Shaker provisions and facilities for |max. Quarterly
X,Y, and Z orientations; Freq. Range = +420%
equipped with Servo control to {5 to 2500 (Frequency)
fmaintain either constant accelet cycles
ation or constant amplitude vs.
frequency; complete with power
supply for tube under test.
4.10.8 | AC Volt Weston 741 53554-1| Measurement of filament volt. |0-3/7.5/15/30/ 1% Jan. 5, 1966
Meter 75/150V AC Quarterly
4.10.5.2 DC Volt Weston 741 53554-2 |[Measurement of Ecl volt. 0-3/7.5/15/30/ 1% Jan. 5, 1966
& Meter 75/150V DC Quarterly
4.10.5.3
DC Volt Weston 741 53554-3 |[Measurement of plate volt. 0-15/30/75/ 1% Jan. 5, 1966
Meter 150/300V DC Quarterly
DC Volt Weston 741 53554-4 [Measurement of Ec2 volt. 0-15/30/75/ 1% Jan. 5, 1966
Meter 150/300V DC Quarterly
4.10.4.14 DC Milli- Weston 741 50175-5 |Measurement of plate current 0/30/75/150 Ma 1% Jan. 5, 1966
ammeter Quarterly




LIST OF TEST FACILITIES

60

NAME OF APPLICANT: TUNG-SOL ELECTRIC INC. DATE: 20 January 1966
TESTING FACILITY: Tung-Sol Electric Inc. SPEC. NO: MIL-E-1E
ADDRESS: 200 Bloomfield Ave,, Bloomfield, N. J. AMEND: 2 SUPPLEMENT:
ST EC, TYPE SEOR'I?AL DESCRIPTION AND USED \ EIQPdT IA.AIAIAIT'S ACCURACY %?QT‘% th'(':D
: . - . ot =
P ARA. EQPT. MFR. wSBeL INVENTORY Goclude Dimensions, Measurinr pevices [ (Inclode Multiple CALIBRATION
1211 Insulation | Tung-Sol N/A E-8099A- | Measurement of insulation At 100 volts [E, N/A N/A
Resistance 332 resistance of electrodes. 0-1/10/100/
Resistance is computed from 1000/10K/
R = E 100,000 megs.
1 At 300 Voltst,
Multiply abo
by 3; at 500
volts E, mulg.
above by 5.
+.10.8 | AC Voltmetef Weston 476 N/A Measurement of filament volt. {0-4/8/40/80/ +27% Jan. 5, 1966
120V AC Quarterly
+.10.5.2]| DC Voltmetef Weston 301 N/A Measurement of interelectrode |0-500V DC +2% Jan. 5, 1966
& voltage Quarterly
+.10.5.3
+.10.4.1} DC Micro~ RCA Wv-844 1030 Measurement of interelectrode |0-.01/.1/1/10 +5% Prior to
ammeter current 100/1000 pa each use
DC

22R3




NAME OF APPLICANT:
TESTING FACILITY:

LIST OF TEST FACILITIES

TUNG-SOL ELECTRIC INC.
Tung-Sol Electric Inc.

DATE:

20 January 1966

SPEC. NO: MIL-E-1E

£NROWB

ADDRESS: 200 Bloomfield Ave., Bloomfield, N.J. AMEND: 2 SUPPLEMENT:
sPEC copt ER TYPE SERIAL . DESCRIPTION AND USE EQPT LIMITS c DATE AND
i . . de Di ions, M ing Devi Include Multipl ACCURACY FRE
PARA. Moogﬂ_ INVENTORY (acls a:d a:ﬁ:;?::s a;:sltilcn:b‘lzo) crices (Ine Ra:ges)hp ¢ CALI;gAO';ON
4.10.4.2 DC Milliam-| Greibach 540 2598 Measurement of anode #3 0-1.5/3/7.5/ | +l/2% Jan. 10, 1966
meter current 15/30/75/150/ Quarterly
300 Ma DC
4.10.8 | DC Milliam-| Greibach 540 2599 Measurement of DC filament 0-75/150/300 +1/2% Jan. 10, 1966
meter current 750/1500/300¢ Quarterly
Ma DC
4.10.6.“ DC Micro- Greibach 700 2602 Measurement of control grid 0-.3/.75/1.54 +1/2% Jan. 10, 1966
ammeter current 3/7.5/15/30/ Quarterly
75 va DC
4.10.4.1 DC Micro- Griebach 700 2601 Measurement of low level 0-1.5/3/7.5/] *1/2% Jan. 10, 1966
ammeter plate current 15/30/75/150/ Quarterly
300/750/1500
pa DC
4.10.8 | AC VoltmeteF Weston 924 4358 Measurement of AC filament 0-7.5/15/30/ | +1% Jan. 10, 1966

22R3

voltage

75/150V AC

Quarterly




NAME OF APPLICANT:
TESTING FACILITY:

LIST OF TEST FACILITIES

TUNG-SOL ELECTRIC INC,
Tung-Sol Electric Inc.

DATE:

20 January 1966

SPEC. NO: MIL-E-1E

ADDRESS: 200 Bloomfield Ave., Bloomfield, N.J. AMEND: 2 SUPPLEMENT:
goEC, TYPE SERIAL DESCRIPTION AND USE EQPT LIMITS DATE AMD
P ASA. EQPT. MFR. OR OR (Include Dimeasions, Measuring Devices (Include Multiple | ACCURACY FREQOF
MODEL |NVE$OT0RY and Conirols as applicable) Ronges) CALIBRATION
1301 | Heater- Tung-Sol Code 688 | 10688 Measurement of heater-cathode N/A N/A N/A
& Cathode leakage
1336 | Leakage
Set
4.10.15| DC Volt- Hickok 68— 035 Measurement of heater-cathode 0-500V +2% 10-23-65
meter potential Semi-annually
4.10.15} DC Micro- Weston 301 0484 Measurement of heater-cathode 0-200pa DC +2% 10-23-65
ammeter leakage current Semi~-annually
4.10.15| AC Volt- Hickok 69X 046 Measurement of filament 0-10V AC +2% 10-23-65
meter voltage Semi-annually

Iy
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®. M NBS-443
WREV. 4~11-43)

U.S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

NATIONAL BUREAU OF STANDARDS
REPORT OF CALIBRATION

K-2 POTENTIOMETER
Leeds and Northrup Serial No. 526758
Catalog No. 7552

Submitted by

Tung-Sol Electric Inc.
Bloomfield, New Jersey

Tests of the adjustments of the main dial, the standard-cell
dial, the slide-wire, and the factors of this potentiometer were
made in November 1965, at a room temperature of about 23°C. With
tne current adjusted so as to produce a potential difference between
the standard-cell terminals equal to the reading of the standard-cell
dial, the potential difference between the "E.M.F." terminals can be
expressed by the following equation:

E = F(1+£) [D+d+0,0001(D_+d )]

Here E is the potential difference between the "E.M.F." terminals
expressed in the same unit as the electromotive force of the stand=
ard cell used with the instrument; F, D, and D are the factor, main
dial, and slide-wire readings respectively; f,"d, and d_ are the cor-
rections to these readings. The corrections are to be taken from

the following tables:

Factor Switch Reading F and Correction £

_F__ £
1 0.00000
0.1 + .00001
0.01 .0000

211.01/187059




1utl

K-2 Potentiometer
(L&N Serial No. 526758)

Factor Switch Setting

1.0

0.1

0.01

Page 3

0.005% E or 10uv, whichever is greater.

0.007% E +0.2 of the smallest subdivision
of the slide wire.

0.015% E +0.2 of the smallest subdivision
of the slide wire.

To obtain this accuracy, however, in case E is less than 0.02
volt usually it will be necessary to correct for thermoelectromotive
forces within the potentiometer and within the circuit of the connected

galvanometer.

When the reading of 'the factor switch is changed, the current
through the potentiometer should be readjusted, if necessary, to
produce a potential difference between the standard-cell terminals
equal to the reading of the standard-cell dial.

Test No. 211,01/187059
Date: December 2, 1965

Reference: BL-15303

For the Director

S

Chester Peterson, Chief
Resistance and Reactance Section
Electricity Division

Institute for Basic Standards

B-8
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CERTIFICATE
for
WESTOIN STANDARD ’CELI.
SERIAL NO.....8658... |

This is the unsaturated form of Weston Cadmium Cell, By direct comparison at the Weston 1.ab-
oratories, with normal cells standardized by the National Bureau of Standards, the electromotive

force of this cell is 1,01897 25,0

Absolute Volt: The value of the emf certified is based upon the Absolute Volt agreed upon by the
International Committee on Weights and Measures and adopted by the National Bureau of Stan-
dards, January 1st, 1948, It is maintained by the saturated form of Weston Cadmium Cell,
known as the Weston Normal Cell, the emf of whichis 1.018636 Absolute Voltsat 20°C.

Temperature Coeﬂic}ent: The temperature cocflicient of this cell is less than 0.00001 per degree
centigrade, and considered negligible for ordinary changes in temperature.

Effect of Time and Use: ‘The clectromotive force of standard cells decreases slightly with use
and time. For purposes of instrument standardization the error produced by this change is
negligible if the cell is properly used. For measurements requiring great precision, for example
0.02 per cent or better, or if there is a possibility of the cell having been misused, it is recom-
mended that the cell be returned for recertification at intervals of one or two years.

PRECAUTIONS

a. ‘The cell should not be exposed to temperatures below 4°C or above 40°C,

b, Although the temperature coefficient is negligible, small but appreciable errors result if the
cell is subjected to sudden changes in temperature, or to unequal heating. It should be kept
at a reasonably constant temperature sufficiently long to permit all parts of the cell to reach
the same temperature, and sources of heat should be kept at a distance,

c. Standard celis should not be used in circuits where the cell current is continuous or at any time
in excess of 0.0001 ampere, To limit the current it is desirable to have a protecting resistor
ccl;nn'cczed in series with the cell, at least until a balance with an opposing emf is nearly
obtained.

d. When sending the cell for recertification or for any other reason, it should be packed with
great care to prevent shock during shipment. Any damage resulting from improper pack-
ing must be the responsibility of the sender.

WARRANTY

This product is watranted to be of good wotkmanship and quality and frce from defects in
manufacture. Our liability is limited to repairing such defects, provided it is returned prepaid to
the Repair Service Division, Weston Instruments, Division of Daystrom, Incorporated,

Newark , New Jersey within one (1) year after delivery to the original purchaser. We shall not
be liable for consequential damages. This warranty is in licu of all other warranties, guaranties,
liabilities or obligations, statutory or implicd, to the original purchaser or to any other person.

March 30, 1955
................ - ~/
o Approved Y1770 N orrr Yo S

WESTON INSTRUMENTS., INC.
614 Frelinghuysen Ave., Newark, N. J. 07114

T S A

vy

PRINTED IN U, 0. A,



FORM NBS-443
(REV. 4-11-63)
U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

NATIONAL BUREAU OF STANDARDS
REPORT OF CALIBRATION

MULTIRANGE SHUNT
Tung-Sol Electric Serial No. T-S No. 1

Submitted by

Tung-Sol Electric Inc.
Bloomfield, New Jersey

Measurements were made on this shunt box in December 1965, at
a room temperature of about 22°C. The resistance of each section was
determined as a four terminal resistor, using the binding post marked
"." as a common current and potential terminal. The binding posts
marked "MILLIAMPERES" was used as the other potential terminal. The
resistance values, in ohms, were found to be as follows:

Positive Terminal Resistance
1.5 1000.120
3 499.901
7.5 199.704
15 99.9904
30 50,0044

At the time of calibration, and under the conditions specified it
as unlikely that the values given above were in error by more than
0.005 percent. This uncertainty estimate includes allawance for both
systematic and random errors occurring in the calibration procedure.

For the Director

Ll Do

Chester Peterson, Chief
Resistance and Reactance Section
Electricity Division

Test No. 211.01/187113

Date: December 6, 1965
Order No. BL-15302

B-10



rorM NBS—~43
(mEV, 4-11-43)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

NATIONAL BUREAU OF STANDARDS
REPORT OF CALIBRATION

MULTI-RANGE STANDARD RESISTOR FOR CURRENT MEASUREMENTS
Leeds and Northrup Company
Serial No. 526162

Submitted by

Tung-Sol Electric Company
200 Bloomfield Avenue
Bloomfield, New Jersey

The resistance of the several sections of this standard, when
measured in November, 1965, after temperature equilibrium had been
attained under the conditions specified below, had the following

values,
Room
Temperature Test Current Resistance
) °C Amperes Ohms

23 1.5 0.2 x 1.00052
0.6 0.5 x 1.00064
0.3 1 x 1.00050
0.15 2 x 1.00039
0.06 5 x 1.00038
0.03 10 x 1.00043
0.015 20 x 1.00034

It i{s very unlikely that the above values of resistance are in
error by more than 0.0l percent. This figure includes an allowance
for both the random and systematic errors of the calibration process.

For the Director
by

I:'LIHW

F. L. Hermach, Chief
Electrical Instruments Section
211.03/187058 Electricity Division
Your Order No. BL-15302 . Institute for Basic¢ Standards
November 24, 1965

R
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roam NB8S-44)
(REV, 4-11-43)

U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
WASHINGTON, D.C. 20234

NATIONAL BUREAU OF STANDARDS
REPORT OF CALIBRATION

VOLT BOX
Leeds and Northrup Company
Serial No. 525223

Submitted by

Tung-Sol Electric Inc.
200 Bloomfield Avenue
Bloomfield, New Jersey

This volt box was tested at rated voltage in December, 1965, the room
temperature and relative humidity being 23°C and 45%, respectively. The
values of ratio given in the table were obtained under the test conditions
set forth in this report.

Voltage
Range Voltage Ratio
750 500 x 0.99990
300 200 x 1.0000o
150 100 x 1.00002
75 . 50 x 1.00007
30 20 x 1.00010
15 10 x 1.00009
7.5 X 1.00007
3 x 1.00001

Measurements indicate that large changes in ratio arise from self-
heating. The value given in the table for the 750/1.5 ratio at rated voltage
was obtained two hours after voltage was first applied. During this interval,
the value of this ratio increased rapidly from 500 x 1.0000; to a maximum of
500 x 1,0001g within the first ten minutes and then gradually decreased to its
equilibrium value given in the table. The remaining ratios were measured in
succession after equilibrium was reached on the given range.

211.03/187060

B-12



Tung-Sol Electric Inc.
Volt Box
Serial No. 525223

-2 -

It {5 very unlikely that the above values of ratio are in error by more
than 0.005 percent. This figure Iincludes an allowance for both the random
and systematic errors of the calibration process. However, because of rela-
tively large heating effects, the above values should not be relied upon to
this accuracy unless the conditions in use duplicate those stated in this
report.

For the Director
by

F:L-HW

F. L. Hermach, Chief
Electrical Instruments Section
Electricity Division

Institute for Basic Standards

211.03/187060

Order No. BL-15303
December 20, 1965

B-13




U.S. DEPARTMENT OF COMMERCE
NATIONAL BUREAU OF STANDARDS
INSTITUTE FOR BASIC STANDARDS
BOULDER, COLORADO 80301

REPORT OF CALIBRATION
CAPACITANCE STANDARD
No. 117665

Submitted by:

Tung-Sol Electric, 'Incorporated
Bloomfield, New Jersey

In order to make this capacitor compatible for measurement on NBS
instrumentation, it was necessary to utilize a 12-inch length of coaxial
cable and an adaptor from the female UHF connectors to a Western
Electric Type 358-A connector. This adapting equipment was connected
to terminals "F'" and "L" of the main capacitor as required to complete
the calibration, The stated accuracy of the measurements includes any
errors contributed by the use of the adapting equipment,

The direct capacitance values, given in the table, were obtained at
465 kHz under ambient conditions of approximately 23°C and 40 percent
relative humidity,

Capacitor Termination Direct Capacitance
picofarads
H to F with L open 8.66 0,03
HtoL, capon F 3.308 £ 0.010
Hto L, 100 unit on F 0.619 = 0,002
H to L, 1000 unit on F 0.0764 £ 0,0003
H to L, 10000 unit on F 0.00748 £ 0,00007
Hto L, 1uniton F 0.1060 = 0,0004
Hto L, 2uniton F 0.2219 % 0,0007
Hto L, 3uniton F 0.3403 £ 0,0011
Hto L, 4uniton F 0.4390 = 0,0013

For the Director,
Institute for Basic Standards

//// (’(."li(él?
K. R, Wendt, Chief
High Frequency Calibration Services
Test No, 802875 Radio Standards Engineering Division
Date: January 7, 1966 Radio Standards Laboratory

Reference: P, O, No. BL=15304

o101
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Tung=Sol Electric, Inc. Electron Tube Division

Bloomfield Measurements Dept.

Measurements Calibration and Standardization Policies

Issue Date: March 5, 196}

#je/_j., F~2 -
Y/ ol oy

Ao Primary Standdrds

1. Voltage

Two Weston standard cells, model L.
Calibrated annually by Weston (traceable to NBS)

2. Resistance

# One L & N, type K=2 potentiometer

One L & N volt box, type 7591 e o ‘.'
One L & N shunt box, type L4390 " 0 o
Two T=-S shunt boxes ‘“ a0

All above calibrated annually by NBS.

3. Capacitance

Eleven standard capacitors, from apprx. 008 of to 25 pf.
Calibrated annually by NBS.

L Frequency

Beckman/Berkeley WWV receiver, model 905.
Calibrated at each use-at least monthly=-against WWV (NBS).

Be Secondary (Working) Standards

1.Standard Meter Cart (Mobile)

ae DC voltage and current

Four Weston model 1 meterse (1/L %.)e
Calibrated monthly against the primary standards.

be AC voltage

Two Weston model 341 meters. (1/4 %).
Calibrated monthly against the primary standards.

2o AC current

Weston model 622 thermocouple meter. (1/L ).
Calibrated monthly against the primary standards.

n 1
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3+ Resistance

L & N Wheatstone Bridge, model 5305, type S=2 (.1%).
Calibrated monthly against the primary standardse.

L. Capacitance

RCA capacitance Bridge, model 731 CM (1%).
Calibrated sy, 74, )y against the primary standards.

S Frequency

Beckman/Berkeley Counter, model 7370, 6and Transfer
Oscillator, model 7580. (1 part in 10°),
Calibrated monthly against the primary standardse.

60 RoFo Power

Hewlett-Packard Calorimetric Power meter, model L3LA (5%).
Calibrated monthly against the primary standards.

Ce Measurements Test Equipment Calibration

A1l test equipment is calibrated against the working
standards on a continuous round-robin basis, (coming to
about four times a year). As soon as a complete calibration
of all equipment has been finished, another round of
calibrations is started, etc.

A separate calibration data sheet is maintained for each meter,
showing dates and results of calibration,

JG/em J. Ginsberg

Supervisor of Engineering Services.

B-16
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No. of

Copiles

10

DISTRIBUTION LIST

Advisory Group on Electron Devices
346 Broadway - 8th Floor
New York, New York 10013

Commander

Aeronantical Systems Division
Wright-Patterson Air Force Base
Dayton, Ohio i

i

Commanding General

U. S. Army Electronics Command
225 South 18th Street
Philadelphia, Pennsylvania 19103
Attn: AMSEL-PP-IED-26

Commanding General

U. S, Army Electronies Command
Fort Momnmouth, New Jersey 07703
Attn: AMSEL-PP-E-CMD-1

Director
U. S. Army Electronics Laboratories
Fort Monmmouth, New Jersey

Attn: AMSEL-RD~PR, Chief, Tubs
Techniques Branch

Attn: Chief, General Tubes Branch

Attn: Chief, Gaseous Electronics
Section, Bldg, S-53

Commander

Defense Documentation Center
Cemeron Station

Alexandria, Virginia 2231l
Attn: TISIA.L

Canadian Liaison Offieer
Army Materiel Command
Tempo 7, Room 1067
Washington, D. C. 20315
Eitel-MecCullough, Inc.
301 Industrial Way

San Carlos, California
Attn: Mr. H. M. Bailey

No. of
Cogies
1

AEROPROJECTS INCORPORATED

Chief, Bureau of Ships
Department of the Navy
Washington 25, D. C.
Attn: 691A

Amperex Electronic Corporation
230 Duffy Avenme

Hieksville, L. I., New York
Attn: Mr., Alex Mitchell

Bell Telephone Laboratories, Inc.
Technical Information Library
Whippany Laboratory

Whippany, New Jersey 07981

The Bendix Corporation

Red Bank Divisieon

Eatontown, New Jersey

Attn: Mr. Joseph F. Bozzelli

Bomac Laboratories, Ine.
Salem Road

Beverly, Massachusetts

Attn: Mr. Richard S. Briggs

Burroughs Corporation
Electronie Tube Division
P. 0. Box 1226
Plainfield, New Jersey
Attn: Mr. Roger Wolfe

Allen B. DuMont Laboratories, Inc.
750 Bloomfield Avenue

Clifton, New Jersey

Attn: Mr. Robert Deutsch

Edgerton, Germeshausen & Grier, Inc.
Crosby Drive

Bedford 15, Massachusetts 01730
Attn: Mr. S. Goldberg



No. of
Cogies

AEROPROJECTS INCORPORATED

DISTRIBUTION LIST (Continued)

Electreonic Enterprises, Inc.
65-67 Seventh Avenue
Newark L, New Jersey
Attn: Mr. Richard Bloemeke

Electrons, Ine.

127 Sussex Avenue
Newark 3, New Jersey
Attn: Mr. E. K. Smith

General Eleetric Company
316 East Ninth Street
Owensboro, Kentucky
Attn: Mr, W. T. Millis

Gulton Industries, Inc.
212 Durham Avenue
Metuchen, New Jersey
Attn: Mr. Daniel Abrems

Huggins Laboratories

999 East Argues Avenue
Sumnyvale, Califeornia
Attn: Mr. R. A. Huggins

Hughes Aircraft

Vacuum Tube Products

2020 Short Street
Oeeanside, California

Attn: Mr. James Sutherland

International Telephone & Telegraph
Corporation

Electron Tube Division

P. 0. Box 100

Easton, Pennsylvania

Attn: Mr. R. F. Mann

No. of

Coples

1

Lionel Electronic Laboratories, Inc.
1226 Flushing Avenue
Brooklyn 37, New York

Litton Engineering Laboratories
P. 0. Box 49

Grass Valley, California

Attn: Mr., Charles V. Litton

Litton Industries
Flectron Tube Division
San Carlos, California
Attn: Mr. James H. Weber

Machlett Laboratories, Inc.
1063 Hope Street
Springdale, Connecticut
Attn: Dr. H. D. Doolittle

Metcom, Inc.

76 Lafayette Street

Salem, Massachusetts

Attn: Mr. Richard Broderick

Microwave Associates, Inec.
South Street

Burlington, Massachusetts
Attn: Dr. L. Gould

Microwave Eleetronlics Corporation
L4061 Transport Street

Palo Alto, California

Attn: Dr. Stanley Kaisel

Ohio State University
Department of Metallurgy
Columbus, Ohio

Attn: Mr. Frederick J. Fraikor



AEROPROUJECTS INCORPORATED

DISTRIBUTION LIST (Continued)

Attn: Dr. L. G. Hector

No, of No. of
Copies Coples
Penta Laborateries, Inec. 1 Sperry Electronic Tube Division
312 North Nopal Street Sperry Rand
Santa Barbara, California Gainesville, Florida
Attn: Mr, R. L. Norton Attn: Mr. John Whitford
Phileco Corporation 1 Sylvania Electric Produets, Ine.
Lansdale Divieion Emporium, Pennsylvania
Church Road Langdale, Pa. Attn: Mr. Vineent Grubbe
Attn: Mr. F. Mayock
1 Tucor, Ine.
Polarad Flectronics Corporation 59 Danbury Road
h3-20 Thirty-fourth Street Wilton, Connecticut
Long Island City, New York Attn: Mr. R. White
Attn: Dr, D. L. Jaffe
1 Tung-Sol Electrie, Ine.
Radio Corporation of America 200 Bleomfield Avenue
Electron Tube Division Bloomfield, New Jersey
Lancaster, Pemnsylvanis Attn: Mr. Max Yarmovsky
Attn: Mr. Roy E. Nelson
1 United Electronics Company
Radio Corporation of America L2 Spring Strest
Eleetron Tube Division Newark, New Jersey
415 South Fifth Street Attn: Dr. John Beers
Harrison, New Jersey
Attn: Mr. Clarence West 1 Varign Assoslates
611 Hensen Way
Raytheen Company Palo Alto, California
Comp. Divisien Attn: Dr. Richard Nelson
20 Sefon Street
Waltham, Massachusetts 1 The Vietoreen Instrument Company
Attn: Mr. Panl R. Keeler 5806 Hough Avenue
Cleveland 3, Chio
S. F. D. Leboratories, Inc. Attn: Mr. Ben Olgon
800 Rahway Avenue “
Union, New Jersey 1 Watkins-Johnson Company
Attn: Dr. Jossph Saloom 3333 Hillview Avenue
Palo Alto, California
Sonctone Corporation Attn: Dr. Rolf Peter
Box 200
Elmsford, New York 1 Westinghouse Eleetrie Corporation

Fleetronic Tube Divislion
Box 28h

Elmira, New York

Attn: Mr, B. W. Sauter



AEROPROJECTS INCORPORATED

DISTRIBUTION LIST (Contimued)

Semerville, New Jersey
Attention: Mr. R. Wieks

No. of No. of
Coples Copies
U. S: Army Ordnance 1 Raytheon Manufacturing Company
Frankford Arsenal Chelmsford Street
Bridge & Tacony Streets Lowell, Massachusetts
Philadelphia, Pennsylvania 19137 Attentlon: Mr. W. W. Robinson
Attn: Mr. Frank Hussey
Metal Joining Seetion 1 Sprague Electrie Company
1323, 64-1 87 Marshall Street
North Adams, Massashusetts
Battelle Memorial Institute Attention: Mr., W. Bell
505 King Avenus
Columbue 1, Chio 1 Texas Instruments, Inc.
Attn: Mr. C. M. Jackson Semiconductor Components Division
' Post Office Box 5012
Westinghouse Electric Corporation Dallas 22, Texas
Youngwood, Pennsylvania Attention: Semiconductor Library
Attention: Mr. Ozzie Jaeger
1 Transitren Electronie Corpeoration
Clevite Transistor 168-182 Albion Street
A Division of Clevite Corporation Wakefleld, Massachusetts
200 Smith Street Attention: Dr. D. Bakalar
Waltham 54, Massachusetts
Attention: Mr. Sam Rubinovitz 2 Western FElestriec Company
Marion and Vine Streets
Rome Air Development Center Laureldale, Pennsylvania
Griffiss Air Force Base, New York Attention: Mr. Robert Moore
Attention: Mr, L. Gubbins, RASGR
1 Deleo Radio Divisioen
Hamilton Stendard Division Kokome, Indians
United Aireraft Corperation Attention: Dr. F. E. Jeumot, Jr.
Windsor Locks, Connectiecut
Attn: Mr. John Dudenhocefer 1 Bendix Corporation
Project Director Semiconductor Division
Holmdel, New Jersey
Mr. C. W. Irish Attention: Dr. Robert Meijer
Marketing Section
Lamp Metals & Components Dept. 1 Motorola, Inc.
General Electrie Company 5005 East MeDowell Road
21800 Tungsten Road Phoenix, Arizona
Cleveland 17, Ohilo Attention: Mr., James LaRue
Radio Corporation of America 1 Paeific Semicondustors, Ine.

14520 S. Aviation Blvd.
Lawndale, California
Attention: Dr. H. Q. North
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AEROPROJECTS INCORPORATED

DISTRIBUTION LIST (Continued)

Attn: Mr, Robert Reed

No. of No. of
Coples Copies
General Electric Company 1 Sylvania Fleectric Products, Ine.
Electronic Park Div. of General Telephone Corp.
Syracuse, New York Sylvania Lighting Products Div.
Attention: Mr. T. F. Kendall 60 Boston Street
Bldg. 7, Room 152 Salem, Massachusetts
Attn: Mr. Rufus L. Briggs,
Bureau of Weapons Project Eng.-3C
Department of the Navy
Weshington 25, D. C. 1 ITT Industrigl Laboratories
Attention: Mr. Roy G. Gustafson 3700 East Pontiac
REMA-2);, Materials Div. Fort Wayne, Indiana
Attn: M. F. Toohig
The Rembar Cempeny, Inc. Manager, Tubes and Sensors
67 Main Street
Dobbs Ferry, New York 1 Thermo Electron Engr. Corp.
Attention: Mr. E. Dietsz 85 Pirst Avenue
Waltham, Masssasghusetts
Falrehild Semiconductor Corp. Attn: Mr. T. Johnsen
545 Whisman Road
Meuntain View, California 1 Raytheon Company
Attentions Mr. Ralph Lee Seecond Avenue
Waltham, Massachusetts
Radie Corporation of America Attn: Dr. Colin Bowness
Electronic Componsnts and Devices
Lancaster, Pennsylvania 1 Raytheon Company
Attn: Mr, Edward L. Romero Route 128
Burlington, Massachusetts
General Electric Company Attn: Mr. Geoge Freedman
Schenectady, New York
Attn: Dr. Harold R. Day 1 Ferrotec Company
Building 5, Room 323 217 California St.
Newton, Massachusetts
Arine Research Company Attn: Mr. Paul Rutledge
1700 "K' Street - NW
Washington, D. C. - 20006 1 IIT Research Institote

10 W. 35th Street
Chicago 16, Illinois
Attn: Mr. S. L. Blum
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AEROPROJECTS INCORPORATED

DISTRIBUTION LIST (Conecluded)

No. of
Electron Technology, Incorporated 1 Commanding Gensral
626 Schuyler Avenme U. S. Army Electronics Command
Kearny, New Jersey R and D Directorate
Attention: Mr. Stanley Koeck Ft. Monmouth, New Jersey

Attn: AMSEL-RD-G

Eon Corporation Engineering Support Services
175 Pearl Street Dept.
Brooklyn, New York Mr. L. L. Kaplan

Attentien: Dr. Gustav Weinberg

National Aeronautics & Space Administratien
Head, Operation Section

Soclentific & Technical Information Divisien
(SAK/DL)

1833 Rugby Avenus

Bethesda, Maryland 2001k

National Aeronautics & Space Administration
Lewls Research Center
21000 Brook Park Road
Cleveland, Chio L4135
Attention: Mr. Davies
Mail Code: 500~-309

Commending Officer

Harry Diamond Leboratories
Washington 25, D. C.
Attention: Mr. H. G. Chandler

General Electric Co.
Pieknp Tube Operation
Room 165, Bldg. 6
Electronics Park
Syracuse, N. Y.

Attn: Mr. Philip Oakes

Charles E. MgBurney

U. S« Army Productien Equipment Agenecy
Rock Island Arsensl

Roek Island, Illinols 61202

Code: AMX PE-MT



